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, Abstract 

o ■ 

^vQ , I analyzed the CP asymmetry of i? Xs/ Z based on model-independent analysis which includes 

twelve independent four Fermi operators. The CP asymmetry is suppressed in the Standard Model, 
' however, if some new physics make it much larger, the present or the next generation B factories 

may catch the CP violation in this decay mode. In this paper, we study the correlation of the 
1^-^ ' asymmetry and the branching ratio, and then we will find only a type of interactions can be enlarge 

the asymmetry. Therefore, in comparison with experiments, we have possibility that we can constrain 
models beyond the standard model. 
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Introduction 



, The inclusive rare B decay B Xsl~^l~ has already been studied by many researchers. It is attractive 

to investigate this process experimentally or theoretically. This decay mode is experimentally clean as 
well as i? — !■ Xgj, specially in the low invariant mass region. And, when we can use a parton model to 
study this process theoretically, because it is semileptonic decay. In the standard model (SM), a flavor 
changing neutral current (FCNC) process appears only through one or more loops. Since B Xsl^l~ is 
Q_i' also a FCNC, new physics can clarify itself to measure this decay. The extended models beyond the SM 

like the minimal supersymmetrizcd model (MSSM) and the two Higgs doublets model (2IIDM) predict 
some deviation form the SM[0 The SM prediction shows that, for / = e or /i, this mode will be 

] found at the KEKB and the SLAC e+e^ storage ring PEP-II B factories in near future. Therefore, the 

study of this process is one of the most interesting topic in order to search new physics. In this paper, 
the final leptons will be a /xons or electrons throughly. 

The CP-violating asymmetry of this decay is also a subject that many physicists investigate. This 
observable is very sensitive to the complex phase of the CKM matrix elements, so that we have the 
possibility to find effects beyond the SM. The SM predicts that the CP asymmetry is suppressed, about 
10""^ or smaller fisl, [l^ . If some non-SM interactions enlarge for the asymmetry to get sizable, we can know 
the existence beyond SM. This observable has been calculated in MSSM and 2IIDM0| -|l4|. In these 
models, as well as the SM, the distribution is a function of fewer Wilson coefficients than the full operator 
basis. In our previous work, we analyzed the branching ratio and the forward-backward (FB) asymmetry, 
which is an observable corresponding to the size of parity violation in the decay B — *■ Xsl~^l^, with a 
most general model-independent method ||l7|, [l^ . Generally, the matrix element for the decay b — > sl^l~ 
includes all types of local and 6s7-induced four- Fermi operators. That is, 



M = V*Vtb [ CsL sta^,^{msL)b T^l 



+ Cbr sia^,y — {mbR)b Ij'^l 

+ Cll SLj^bL IlI^Il 
+ Clr SL7f_ibL IrI^Ir 
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+ Crr SRj^bR Ir^^Ir 

+ Clrlr ShbR IlIr 

+ Crllr srBl IlIr 

+ Clrrl SLbR IrIl 

+ Crlrl srBl IrIl 

+ iCTE sa^^bla^pl e^''"% (1) 

where Cxx's are the coefficients of the four-Fermi interactions. Among them, there are two bsj induced 
four-Fermi interactions denoted by Csl and Cbr, which correspond to -~2Cj^^ in the SM, and which 
are constrained by the experimental data of 6 — s- S7. There are four vector-type interactions denoted by 
Cll, Clr, Crl, and Crr. Two of them (C^i, Clr) are already present in the SM as the combinations 
of (Cg — Cio, Cg -I- Cio). Therefore, they are regarded as the sum of the contribution from the SM 
and the new physics deviations (C"i",C£™)- The other vector interactions denoted by Crl and Crr 
are obtained by interchanging the chirality projections L *^ R. There are four scalar-type interactions, 
Clrlr, Crllr, Crllr and Crlrl- The remaining two denoted by Ct and Cte correspond to tensor- 
type. The indices, L and i?, are chiral projections, L = ^(1 — 75) and R = i(l + 75). Then, we can get 
the differential branching ratio of the FCNC process b sl^l^ , 

^ = ^^0 Re[ S^is){ml\CsL\' + ml\CBRn 

+ 32(3) {2mbmsCsLC*BR} 

+ ^3(5) {2mlCsL{ClL + CIr) + 2m,msCBR{C*RL + Q^)} 

-t- Si{s) {2mlCBR{Cl^ + Cl„) + 2mbmsCsLiC*RL + C'rj,)} 

+ M2{s) {\Cll? + \Clr\^ + \Crl\^ + \Crr?} 

+ M^{s) {~2{CllC*rj^ + Clr.C*rr) 

+ {ClrlrCrllr + ClrrlCri^ri^)} 

+ Ms{s) {\Clrlr\^ + \Crllr\^ + \Clrrl\^ + {Crlrl^} 

+ M9(s) {16|Ct|' + 64|Ctb|'}], (2) 

Here, we ignore terms including lepton mass m;, because we take only massless (anti-) lepton into con- 
sideration. A set of the kinematic functions Si{s) {i = 1,2,3,4,5,6) and Af„(s) (n = 2,6,8) is shown in 
Appendix The normalization factor Bq is given by 

\Vt*sVtb\^ I 

167r2 \Vcb\^ f{mc)K{rfic 

where the other factors f{mc) and K{rnc) are the phase space factor and the 0{as) QCD correction 
factor ]l9t. The factor Bsi denotes the branching ratio of the semileptonic decay, and we set it to 10.4%. 
We can also have the FB asymmetry from Eq.(|^). Thus, by numerical analysis, we got useful information 
to pin down new physics beyond the standard model. However, we set all the new Wilson coefficients 
to real when we carry out the numerical analysis. This means that we assume that there is no new 
cp- violating source in the decay B — > XJ^l^. The CP asymmetry is sensitive to the imaginary part of 
the coefficients. Therefore, it is worth treating the CP asymmetry based on the our previous analysis. 

This paper is organized as follows. In Section ^, we find the way how to get the general CP asymmetry, 
study the correlation between the asymmetry and the branching ratio to pin down the type of interactions 
and give some discussions. We give summary in Section S. 



2 General CP Asymmetry 

We assume semileptonic decay b cl~vi is an approximately CP-conserving mode, in fact experiments 
shows they corresponds with each other within about 10~'^ l2C[| . And, the partonic approximation predicts 
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no CP-violating asymmetry in the standard model (SM). That is, we can use the same normalization 
factor as Eq.(||) to express the branching ratio of 6 ^ sl^l~ and b sl~^l~. For a general Wilson 
coefficient Cxx, we can define Bxx, ^xx and Axx by 

Cxx = Bxx + ^xx^xx, (4) 

where Xxx is CP violating phase and generally the both of Bxx and Axx are complex. In the case of 
the SM, only the CKM matrix elements give the CP violating weak phase and the strong phase appears 
through QCD penguin correction. Conventionally, these effects are included in the Wilson coefficients 
Cg'^'^ of the vector-type current-current interaction Explicitly it is expressed by|^, ^ 

Cl"=Bg + X^Ag, (5) 

where, without cc long-distant contribution, 

Bg^(^l + a^^C^^^ + Yis). (6) 

Only Xu = (VubVus*) / (VtbVts*) includes CP-violating phase. Since XuAq is very small except for cc 
resonance region, the SM predicts that the CP asymmetry is very negligible fl^. 

We must take cc resonance into consideration to discuss the branching ratio and the CP asymmetry ||23| , 
otherwise avoid region where J/^ and t/i' poles give contribution fl^ . In this paper, we take the latter 
stand. The residual region is lower region before J/ip resonance or higher region after resonance fl^ . 
We restrict our discussion to only low invariant mass region, 1 < s < 8 (GeV^), where s = (p;+ +Pi-)'^. 
We then introduce the partially integrated CP asymmetry Acp defined by 

. ^ B{B ^ XJ+n - B{B ^ XJ+n _ AfcP 

~ B{B Xsl+l-) + B{B XJ+1-) ~ Vcp ' ^ ' 

where B{B Xgl^l^) is the partially integrated branching ratio for process B Xgl^l^ , defined by 

dB(B^XJ + l-) fi , . ^ ^ 

/ ds — — ^ ^-3.73. X 10"^ {at fi= {mb)jYs). 

Jl{GeV^) ds 

In the same way, we define the partially integrated branching ratio for B Xsl~^l~ ■ We set [C^^^ , C^^^, Cio) 
(—0.317,4.52,-4.29) for numerical calculation. We listed its value for the SM at renormalization scale 
/i = (rrihjjjg = 4.2 GeV in Table |^, where we set the Wolfenstein's CKM parameters to (p, ?/) = 
(0.12,0.25), (0.16,0.33) and (0.27,0.40). We should note that there is the huge uncertainty about the 



{p. v) 


ASM 


(0.12,0.25) 
(0.16,0.33) 
(0.27,0.40) 


0.85 X 10"^ 
1.12 X 10-3 
1.36 X 10-3 



Table 1: The partially integrated CP asymmetry for {p,Tj) = (0.12,0.25), (0.16,0.33) and (0.27,0.40) and 

in the SM at /i = {'<Ti'b)jjg- 

CP Asymmetry predicted by the SM before we discuss the sensitivity to new physics from our numerical 
results. The asymmetry in the SM is uncertain by almost 100 % So, we must get at least 10 times 
large size as the SM prediction about the CP asymmetry to find the signal of new physics, otherwise 
we fail to do. Then, from Eq.(|l|), we can get the numerator Mcp of the CP asymmetry by replacing 
Rs{CxxCyy) in the branching ratio given in Eq.(H) with 

-2Im{Xxx)Im(B;^YAxx) - 2Im{XYY)Im{B*xxAYY) - 2/m(Axjf A;-y)/m(Ajfx^yi'), 
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and, for the dominator Vcp, with 



2Re{BxxB*YY) + 2Re{Xxx)Re{BpYAxx) + 2Re{\YY)Re{B*xxAYY) + 2i?e(AxxA^^)i?e(AxxA^y). 

The resultant CP asymmetry takes the most general model-independent form. We show the explicit 
expression of this asymmetry in Appendix The CP asymmetry does not vanish if and only if Bxx or 
Axx has deferent phase from Ayy and Xyy or Xxx^yy ^ imaginary part. Here, XX and YY denote 
types of interactions, whether they are the same type or not. However, in the most interesting models 
like the two higgs doublet model (2HDM) and the minimal supersymmetrized standard model 

(MSSM)[0, 0, the strong phase does not play a so important role on the CP asymmetry. Therefore, 
we assume that we can ignore a set of strong phase introduced by new physics|^. Then, for new vector, 
scalar and tensor- type interactions, we can redefine the Wilson coefficients as 

Cxx = Bl,''^ + {Xxx+Xu){A9+Axx) for XX = LL or LR, (8) 
Cxx = XxxAxx for others, (9) 

Here, Axxs are real and Xxxs are phase factors defined by exp{i(f)xx) where < (pxx < 27r, and 
Bf^ff = Bq — Cio and Bf^ = Bg + Cio . In the same way, we can redefine Cbb. and Csl , and have other 
constraints from the measurement of i? ^ X^j, 

MCf^lHml + ml) = ml{\A^sL\' + \Asn\^), (10) 

where Agj^ = {mb/ms)AsL^^- The definitions of Abr and Asl, and ipsR and 4>sl, follows Eq.(^. 
Thus if there is the interference between such coefficients and the Cg^^ , it can enlarge the CP asymmetry. 
Otherwise, the new interactions suppress the observable under the above assumption. In this case, the 
explicit form of the partially integrated CP asymmetry is given by 

A - IlGeV^'^'^('^-^Cp{s)/ds) _ McP 

■A.C p = — o = ;;;;; ) I ^ ^ j 

^^^^y^ds{dVcp{s)lds) T^cp 



where 

dMcpjs) ^ l_ 

ds nib^ 



and 



ds nib'^ 
S^is) {2ml {Im{XsL)Im{AsLB;) + /m(AsiAIi)/m(AsiA;) 

+Im{XsL)Im{AsLB;) + Im{XsLXlR)Im{AsLA*Q))} 
+Si{s) {2ml {Im{XBR)Im{ABRBl) + Im{XBRXlL)Im{ABRA*) 

+Im{XBR)Im{ABRB;) + Im{XBRXlji)Im{ABRA;))} 
+M2(s) {2 {Im{XLL)Im{{B9 - Cio)(^ + All)*) + Im{XLR)Im{{Bg + Cio)(^ 
+Me{s) {-2 {Im(XRL)Im{{B* - Cio)Arl) + Im{XLLX\L)Imi{Ag + 

+ {Im{XB,R)Im[[Bl + Cw)Arr) + Im{XLRX*RR)Im[[Ag + Alr)A*rr))}], (12) 



-AlrT))} 



dVcpjs) ^ J-Bo[ 
ds mjj^ 



S^{s) {ml\AsL? + ml\ABR\^} 
+5-2(3) {2mbmsRe{XsLX*BR)Re{AsLA*BR)} 
+S^{s) {2ml {Re{XsL)Re{AsL{B9 - Cio)*) + Re{XsLX*LL)Re{AsL{A9 + All)*) 
+Re{XsL)Re{AsL{B9 + do)*) + Re{XsLXlR)Re{AsL{AQ + Alr)*)) 
+2mbms {Re{XBR.X*RL)Re{ABRA*RL) + ^e(ABi?A^;^)i?e(Asflyl^^))} 
+Si{s) {2ml {Re{XBR)Re{ABR{Bg ~ Cio)*) + Re{XBRXlL)Re{ABR{Ag + All)*) 
+Re{XBR)Re{ABR{Bs + Cio)*) + Re{XBRXlR)Re{ABR{Ag + Alr)*)) 
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+M2{s) {\Bg - Ciof + \Aq + All^ + 2Re{\LL)Re{{BQ - Cw){Ag + All)*) 
+ IB9 + Ciol + 1^ + Alr\' + 2Re{\LR)Re[[B^ + Cw){A^ + Alr)*) 

+ \Arl\^ + \Arr\^} 

+M6(s) {-2 (i?e(AiiL)i?e((E9 - Cw)* Arl) + i?e(ALLAJ;x)i?e((^ + ^ll)^^) 
+ Re{XRR)Re{{BQ + Cio)*AflH) + Re{XLRX*RR)Re{{A^ + ^Lfl)^^^)) 

+ {Re{XLRLRXRLLR)R^{'^LRLRA*j^^^j^) 
+Re{XLRRLX*RLRL)R(i{ALRRLA*iiLRL))} 
+Nh{s) {\Alrlr\^ + lAflLLfll' + \Alrrl\^ + l^flLflLl'} 

+M9(s) {16 I^tI' + 64 I^tbI'}]. (13) 

Here, we omitted A„ because it is very small. 

We will analyze the partially integrated CP asymmetry defined by Eq. and examine its sensitivity 
to each Wilson coefficient. For numerical estimation, we set (p, 77) = (0.16,0.33). At first, we investigate 
vector, scalar and tensor-type interactions, which are collectively new local interactions. The results of 
Ref. [|l^ make us predict the sensitivity of the CP asymmetry to each Wilson coefficient. The branching 
ratio is the most sensitive to the vector-type interactions, specially Cll, and the contribution due to Crl 
and Crr it positive. And only the Cll and Clr have the weak and the strong phase, so we can expect 
that only the two types of interactions can make CP asymmetry be large, specially we can expect that the 
CP asymmetry is sizable by appropriate Cll- However, Crl and Crr would suppress the CP asymmetry. 
The scalar and tensor-type interactions hardly interfere with each other or a vector-type interaction in 
the massless lepton limit. Thus, if a scalar or tensor-type interaction enters into our decay mode, it would 
suppress the CP asymmetry. In Figures |l| - |^, I plotted the correlation between the branching ratio and 
the CP asymmetry when Cll or Clr moves. Because the flow of each interaction depends on the type 
of the interaction, we can pin down the type of interaction which contributes to the processes once we 
measured these observable. These show behavior as expected in the above discussion. We should take 
attention to Figure ^ which shows the CP asymmetry can get much larger as the branching ratio is about 
predicted by the SM. It is because the partially integrated CP asymmetry for the SM is so suppressed 
why it is enlarged by 10^. Extremely, for 4)ll — 7i'/4, 7r/2 or 37r/4, the asymmetry is the most enlarged 
when All ~ — l-2|Cio|, or l.l|Cio|. If we ignore the SM CP-violating contribution, and A„, Cll 
enters into the asymmetry as foUowings 



2 / ds{Im{M2{BQ - Cio) - 2M4Cf^){A* + All)) sin0 



LL 



. (14) 

2mlBsM + J dsM2\AQ + All? + 2/ dsRe{M2{Bg - Cio) - 2MiC^^f){Al + All)) cos(j)LL 

where M2{s) and Mi{s) are shown in Appendix and 2jn\BsM ^ 0.72. By choosing an approximate 
set of All and 0ll to hold 



j dsA'hALL ^-'^J dsM2Re{B9 ~ Cio) cos 



the asymmetry can get 10~^. That is, if there is new physics through Cll with weak phase, we have 
the possibility that we may pin down this type of interactions at the B factory in near future even if 
there is no contradiction with present experiments. And, Eq.(|l^) shows the correlation is very sensitive to 
whether (I)ll is infinitesimal or not. Thus the SM prediction point is far from other lines. In the same way, 
some Alr^ and (pLR enlarge the asymmetry and sensitive to (fiLR^ but, because Bg + Cio ^ -Bg — Cio, its 
contribution is smaller than All and (j)LL- And, in order to see how much the coefficient Alr contribute 
to the asymmetry, we check at which the absolute value of the asymmetry becomes the maximum. By 
analogy with the analysis for All and Eq.(nJ), we find that it has the largest value when, roughly, 



numerically Alr ^ — 1.4|Cio| or — 1.5|Cio| for (j)LR. = 7i'/4 or tt/2 and 37r/4. (Note we ignored the term 
including M2Re{Bg + Cio) — 2M^C^^^ because it is much smaller than the remain in the dominator.) 



5 



0.14 




-0.02 



Figure 1: The correlation between B/B^^'^ and Acp as All moves, and 
(dotted line), 7r/2 (thick solid line) and 37r/4 (dashed line). The marks O, -\ 
for <t)LL = 0, 7r/4, 7r/2 and 37r/4 with All = 0. 



^iLL = (thin solid line), 7r/4 
, □ and X show the prediction 



For Cflx and Cfin, the terms from Af2C'^x ^^"^ ^^^^rr disappear in the numerator, so that the other 
terms, 

-Meis)iCl" -Cio)C*j,L, (15) 
-Me{s){C;" +Cio)C*i,L. (16) 

which we ignored when we had discussed the sensitivity of Crl and Crr to the branching ratio, give 
significant effect to the CP asymmetry, so that the asymmetry may depend on (puL and (jiRR- Here, 
Me{s) is given in Appendix Eqs.(p^) and (16) give similar contribution to the asymmetry except that 



it includes not M2 but Mq. Since Mq <C M2 due to strange quark mass m^, its sensitivity is tiny. We 
can also consider the correlation where A^l and Am^ are very small strong phase, that is, 

Arl = Ag + A'jiL, (17) 
Arr = Ag + A'jiji, (18) 

(19) 

where and A'j^j^ are real. In this case, the sign of the imaginary part of the {Bg — Ci()){Ag + A^^) 
and {Bg + Cio)(Ag + A'j^j^) yields the difference between the correlations, however, the sensitivity is still 
tiny. 

For scalar and tensor interactions, in the massless lepton limit, their Wilson coefficients appear only 
through the squared absolute. So, the asymmetry is almost independent of 05 {S = LRLR, LRRL, 
RLLR, RLRL), (px and (fiTE and it gets only more suppressed as As, At or Ate gets larger. Moreover, 
the sensitivity is very small because the corresponding kinematic functions include a factor m;. 



Next, consider only Cbr and Csl, which is constrained by Eq.(lO). Generally, without strong phase, 
these coefhcients are expressed by 



Cbr = ABRe'^-'^ , Csl = Aslc'^'^ , (20) 

where (f>BR and (I)sl are independent weak phases. As shown in Ref. p8| , the partially integrated 
branching ratio B is more sensitive to Cbr than = {nii,/ms)CsL because of the strange quark mass 
nis. This is true for the partially integrated CP asymmetry Acp- In other words, it is almost independent 
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Figure 2: The correlation between B/B^^'^ and Acp as Alr moves, and 4)lr — (thin sohd hne), 
7r/4 (dotted hne), 7r/2 (thick sohd hne) and 37r/4 (dashed hne). The mark O shows the standard model 
prediction. The marks O, +, □ and x show the prediction for 0l_r = 0, 7r/4, 7r/2 and 37r/4 with Alr = 0. 



of the phase 0sl in comparison with (pBR- And the asymmetry cannot be so enlarged by Asl (or Abr) 
with (j)BR = 0. We can find this feature by comparing Figure ^ with Figure In the former, we set (j)sL 
to 0, in the latter, however, we set (psL = fpER = <^JVi By contrast with Csl-, the form of the correlation 
depends on Cbr considerably. Ignoring the SM contribution, in the case of 4>SL — 4'br. — (j^NL, the 
asymmetry takes a form of 

SnibCj'^^ (nis J dsSs cos 9Im{Bg) + mi, J dsS4sm9Im{Bg)) aiiKpNL ^^^^ 
2mlBNL + 2mlBL - SmbC^-''^ {ms J ds S3 cos 6 Re{Bg) + mi, J dssmeS4Re{Bg)) cos(I)nl' 

where Bnl and Bl are the partially integrated branching ratios. For the former, only non-vanishing new 
Wilson coefficients are Abr and the latter has Asl and Arr — Asl = 0. We set tan^ = Arr/AMl and 
ignored the higher order terms about mg/mi,. The definition of S3 and S4 is given in Appendix |A[ Since 
Im(Bg) <C i?e(i?9), the partially integrated branching ratio is expressed by 



2m» 



Bnl + Bl — SmbCY'^^ (^Tis J dsS3Re{Bg) cos 9 + mt, J dsS4Re{Bg) sin 9^ cos(j)NL 



(22) 



Eqs.( pi|) and (|2^) show that, when 4'nl rounds from to 2n, the ellipse of the correlation, as shown in 
Figure does. The size of Abr, and also Asl, is not so significant to enlarge the partially integrated CP 
asymmetry. Thus, these two types of interaction do not give so great influence to the partially integrated 
CP asymmetry even if there is another type of new interactions, say Cll- For example, when we set 
(l)LL — tt/2 and we check the dependency of (j)NL on the asymmetry, it does not so largely changes the 
form of the correlation between B and A as All moves negligible, as shown in Figure |^, so we must note 
if and only if very minute experiments were done. 



3 Summary 

I presented the model-independent analysis of the partially integrated CP asymmetry of the inclusive 
rare B decay B — > Xsl^l~- CP violation is one of the most interesting topics to search new physics and 
understand bariogenesis at early universe, and many researchers has studied this observable through the 
both of experimental and theoretical approaches. The process B — s- Xsl~^l~ is experimentally clean, and 
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Figure 3: The correlation between B/B^^ and Acp as 9 moves, and (j)BR = (thin sohd Une), 7r/4 
(dotted Une), n/2 (thick soUd Une) and 37r/4 (dashed line), where tan^ = AsR/Agj^. We set (j)sL = 0. 
And, for Asl = -2C^^^ and Abr = -2Cf^, plotted some marks, O {(j)BR = 0), + {(f)BR = 7r/4), □ 
(0i3ij = 0/2) and x {(t)BR = 37r/4). 
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Figure 4: The correlation between B/B^^ and Acp as moves, and 4'nl = (thin solid Hne), Tr/4 
(thin dotted Kne), tt/2 (thick solid line) and 37r/4 (thick solid hne), where tan^ = Abr/Aq^j. We set 



(pf^L = 0SL = (f'BR- And, for Asl = —2C^^^ and Abr = —2C^^^, I plotted some marks, O ((/>_ 
+ {<i>NL = 7r/4), □ {(Pnl = 4>/'2) and x {(i)NL = 37r/4). 
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there is a possibility that this mode is found by KEKB and PEP-II B factories. Because B — + Xgl^l^ 
is flavor changing neutral current (FCNC) process, it is the most sensitive to the various extensions of 
the standard model (SM). Our analysis includes the full operator basis, that is, twelve independent four 
Fermi operators. In the SM, only three type Wilson coefficients contribute to i? ^ Xsl^l~, and the 
partially integrated CP asymmetry has order of 10~^. We investigated the correlation of the partially 
integrated branching ratio and the partially integrated CP asymmetry, and then can conclude that only 
Cii, the coefficient of the operator (sL^^bi^lj^^^li^), can give meaningful contribution to our process. 
This cause is the same as the branching ratiojl^, that is, the large interference between (_Bg — Cio) and 
Cll- Since (-B9 + C10) ^ (Bg — C19), the contribution of Clr, the coefficient of operator (sLJubLlRl^lR), 
is less than Cll- However, the Wilson coefficients of the other new local interactions beyond SM work 
only to suppress the asymmetry, because we assumed there was no new strong phase, and then they have 
no interference with the SM interactions. In order to contrast with the left-right symmetric model, we 
made Crl and Crr have very small strong phase, however it changes the size of the CP asymmetry a 
little. For Cbr and Csl, the coefficients of the B — > Xg'^ operators, although the asymmetry depends 
on the weak phase (pBR of Cbr largely, their size gives little contribution to the asymmetry. Thus, the 
dependency of two coefficients is much smaller than that of All- Note that the branching ratio also 
depends on the 0_b_r. 

Our analysis contains the special cases like the MSSM and the 2IIDM. In the MSSM, a special case is 
Cbr = CsL = 2C7, Cll — Cg^-^ — Cio and Clr = C^^^ + Ciq. This is just expressed as an example by 
Figure IJ. Therefore, the asymmetry is very suppressed like the standard model, although the branching 
ratio can be large or not. However, the model has the possibility of the conversion of sign of Ciq. In this 
case, Figures |l| and show that the CP asymmetry may be enlarged. Large contributions to Acp was 
pointed out by Ref. [[lO[ . Figure^ includes the rough character of 2HDM, where a new weak phase enters 
into Cbr and Csl with the deviation from the SM prediction for the numerical values of Cbr, Csl, Cll 
and Clr- When sincjiNL is small, the asymmetry is suppressed, however when sin^jv^ is close to unit, 
it change with the sign of Cb/jI^. Once the CP asymmetry is measured, we will be able to constrain 
the extended models by comparing the data with our numerical analysis. If we will get the signature of 
the asymmetry in it, we can conclude that there is a new {V — A) ^ {V — A) interaction and / or sizable 
strong coupling. Otherwise, the analysis of the present paper cannot constrain us within some models, 
so we have to wait the future experiments to get some informations on the CP from B — > XJ^l^ . 
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Appendix 

A Kinematic Functions 

We list a set of the kinematic functions, which decide the behavior of the branching ratio and the CP 
asymmetry for the decay b sl^l^ , and show the general expression of the direct CP asymmetry. The 
ratio is shown by Eq.(^. We follow Refs.|^, ^ as the notation. That is, the functions are given by 

5*2(5) = -I6u{s)mbms, 

5*3(5) = 4u(s)(s + TOfe - TO^), 

5*4(5) = 4:u{s){s — ml + ml), 
Mi(s) = (ml + ml)Si{s) + 2mbmsS2{s), 

Nhis) - 2u{s)(^^u{sf^s^ + [ml-mlf), 

Mi{s) = mlS:i{s) + mlSi{s) 

Mq{s) = mbms{Sz{s) + Si{s)), 

Ms{s) — 2u{s){ml + ml — s)s, 

Ah{s) = 2uis){-'^u{s)^-2{ml+ml)s + 2iml~ml)^}, (23) 

where we neglected lepton mass. 

With the above functions, we can express the partially integrated CP asymmetry delivered from the 
matrix element Eq.(pl), that is. 



IiGeV^ ds{dMcp{s)/ds) _ Afc 



Acp = -^f-^-^'^—-' = (24) 

J^^^y,ds{dVcp{s)/ds) T^CP 



where 



ds mt^ 



UO lilt) 

Si{s) {2m'ilm{XsL)Im{BsLA*sL) + 2mllm{XBR)Im{BBRA*Bji)} 

+82(3) {2mhm, (Im(XsL)Im{AsLB*Bji) + Im{XBR)Im{B*gLABR) + Im(XsLX*BR)Im{AsLA*Bji))} 
+83(3) {2ml {Im{XsL)Im{AsLBlL) + Im{XLL)Im{B*sLALL) + /m(A5LAli)/m(^sL^lL) 
+Im{XsL)Im{AsLBlj^) + /m(ALfl)/m(S5^ALfl) + /m(AsLAlfl)/m(AsLAJ,^)) 
+2mi,ms (Im(XBR)Im{ABRB*j^,L) + Im[XRL)Im{B*Bif ARL) + Im[XBRXl,j}Im[ABRA*j^j^) 
+Im{XBR)Im{ABR.B}jR) + Im{XRR,)Im{B*BjiARR) + Im,{XBRX*j^jj)Im{ABRA*RR))} 
+5*4(5) {2ml {Im{XBR)Im{ABRBl^) + Im{XLL)Im{B*Bi^ALL) + Im{XBRXlL)Im{ABRAl^) 
+Im{XBR)Im{ABRBln) + Im{XLR)Im{B*BnALR) + Im{XBRX}^B)Im{ABRA*^jf)) 
+2m6m, {Im{XsL)Im{AsLB}^,L) + Im{XRL)Im{B*s^ARL) + /m(AsLA;^ji)/m(AsLAfiL) 
+Im{XsL)Im{AsLB*iiji) + Im{XRR)Im{B*sLARR) + /m(AsiAJjfl)/m(AsL^?ifl))} 
+M2(5) {2{Im{XLL)Im{BLLAlL) + Im{XLR)Im{BLRAlj^) 

+Im{XRL)Im{BRLA}jj^) + Im{XRR)Im{BRRA*RR))} 
+M6(5) {-2 {Im{XLL)Im{ALLB*nL) + Im{XRL)Im{BlLARL) + Im{XLLX*RL)I'm{ALLA*RL) 

+ Im{XLR)Im{ALRB'Rf() + Im{XRR)Im{Bli^ARR) + Im{XLRX*jij{)Im{ALRA*RR)) 

+ {Im,{XLRLR)Im{ALRLRB*j^LLR) + Im{XRLLR)Im{Bln^nARLLR) 



10 



+ Im{XLRLRyRLLR)IM^LRLRA*j^L^j{) 

+Im{XLRRL)Im{ALRRLB*iiLjfj} + I'm{XRLRL)Im{Blj^j^j^ARLRL) 

+Im{\LRRLX*RLRL)l'm{ALRRLA*jiLf.L))} 
+M8(s) {2 {Im{XLRLR)Im{BLRLRAli^i^i^) + Im{\RLLR)Im{BRLLR.A*j^]^]^fj) 

+Im{\LRRL)Im{BLRRLAljijiL) +Im{XRLRL)Im{BRLRLA*ji^ji^))} 
+Mq{s) {32Im{XT)Im{BTA*j,) + 128/m(AT£;)/m(BT£;A5,^)}], (25) 

and 

dVcpjs) ^ 2^ +—Bo[ 

ds ds r' 

Slis) {ml (jAsL^ + 2Re{XsL)Re{BsLA*sL)) + ml {^\Abr\^ + 2Re{XBR)Re{BBRA*BjS)} 
+S2{s) {2mbm, {Re{XsL)Re{AsLB*BR) + Re{XBR)Re{B*s^ABR) + Re{XsLX*BR)Re{AsLA*BR))} 
+S^{s) {2ml {Re{XsL)Re{AsLBlL) + Re{XLL)Re{B*sLALL) + i?e(A5LA2i)i?e(AsL^Ii) 
+Re{XsL)Re{AsLBlii) + Re{XLR)Re{B*si^ALR) + Re{XsLXlji)Re{AsLAlj,)) 
+2mbms {Re{XBR)Re{ABRB*ji^) + Re{XRL)Re{Blj^ARL) + i?e(ABflA^i)i?e(ABRA^i) 
+Re{XBR)Re{ABRB*jijf) + Re{XRR)Re{B*Bj^ARR) + Re{XBRX*Rjf)Re{ABRA*jip,))} 
+Si{s) {2ml {Re{XBR)Re{ABRBlL) + Re{XLL)Re{B*Bi^ALL) + i?e(ABflAIi)i?e(^Bi?A^L) 
+i?e(ABfl,)i?e(AB,?B2^) + Re{XLR)Re{B*Bj^ALR) + i?e(ABflA* ^)i?e(Asflv427j)) 
+2mfcm, (i?e(AsL)i?e(AsLB^i) + Re{XRL)Re{B*si^ARL) + Re{XsLX*RL)R<AsLAli^) 
+Re{XsL)Re(AsLB*jiji) + Re{XRR)Re{B*sLARR) + i?e(A5LAJjfl)i?e(^5L^flfl))} 
+M2{s) {\All\^ + 2Re{XLL)Re{BLLAlL) + {Alr^ + 2Re{XLR)Re{BLRAlji) 

+ \Arl\' + 2Re{XRL)Re{BRLA*j^L) + \Arr\' + 2Re{XRR)Re[BRRA*jij^)} 
+Mq{s) {-2 {Re{XLL)Re{ALLB*jiL) + Re{XRL)Re{Bl^ARL) + Re{XLLX*jiL)Re{ALLA*jiL) 

+ Re{XLR)Re{ALRB*jiji) + Re{XRR)Re{Blj^ARR) + i?e(ALflA^fl)i?e(^LflA^^)) 
+ {Re{XLRLR)Re{ALRLRB*f;j^]^j^) + Re{XRLLR)Re{B*j^j^j^j^ARLLR) 
+Re{XLRLRX*iiLLji)ReiALRLRA*ni^j^n) 

+ Re{XLRRL)Re{ALRRLB'RLRL) + Re{>^RLRL)Re{Blj^j^j^ARLRL) 

+Re{XLRRLX}^Lj^L)Re{ALRRLA*m^m^))} 

+Ms{s) UAlrlR^ + 2Re{XLRLR)Re{BLRLRAljiLR) + \Arllr\^ + 2Re{XRLLR)Re{BRLLRA\LLR) 

+ \Alrrl\' + 2Re{XLRRL)Re{BLRRLAljijiL) + \Arlrl\^ + 2Re{XRLRL)Re{BRLRLA*jiLRL)} 
+M9(s) {16(|^T|' + 2i?e(AT)i?e(BTA^)) + 64 (jArEf + 2ReiXTE)Re{BTEA*TE))}]- (26) 

The first term dB/ds\cxx^Bxx Eq.(p6|) is the differential branching ratio given by Eq.(^) after re- 
placing all Wilson coefficients Cxx with Bxx , respectively. 
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